Though the fuel cell was
progress has been made by. both government and industry, culminating m many successful fuel cell power system demonstrations. Initially, each government agency and each private organization went its own way. Later, it became evident that coordination among programs was essential. An overview is presented of the current coordinated efforts by government and industry in fuel cells, with a sufficient historical background.
The primary barriers to coordination of programs were institutional and differing application requirements.
Initially, in the institutional area, it was the energy crisis and the formation of DOE which fostered close working relationships among government, manufacturers, and users. The authors discuss the fuel cell power system programs (of NASA, DOE, DOT, DOC, EPRI, GRI, industry, and universities), including missions and applications, technology advances, and demonstrations.
The discussion covers the new Solar Regenerative Fuel Cell (RFC) program which has space, defense, and commercial terrestrial applications, and which is an excellent example of both program coordination and the Clinton Administration's dual-use application policy.
Introduction
Though the fuel cell was invented in 1839 (by Sir William Grove), it was not until over 100 years later that this new power device emerged from the laboratory and was used for a real application, namely for space power (for the NASA Gemini Mission of the 1960's). The fuel cell technology used for this historic space mission was of the type now commonly referred to as proton exchange membrane (PEM) and which was invented by W. T. Grubb in 1953 in the research laboratories of the General Electric Company (G.E.). (Another G.E. PEM research pioneer of the 1950's was L. W. Niedrach).
However, the early pioneer often credited with developing the fast really practical fuel cell was F. T. Bacon who began his work in England in 1932. Before his alkaline electrolyte system was used by NASA in space (for the Apollo Moon Mission which followed Gemini), he demonstrated its capability by powering a welding machine, a circular saw, and a two-ton lift truck (all powered by Bacon's 5 kW fuel cell system). Thus, approximately a half century ago, the " control. This latter reason could be classified as an institutional barrier to coordination of government agency and fuel cell programs and to industry and the government working together on both government and commercial fuel cell system programs.
But Institutional barriers can be overcome more easily than can barriers resulting from programs having different mission or application requirements. Indeed, the long gasoline lines in the early 1970's led to an almost overnight perception of an energy crisis in the U.S. and serious efforts by the utility industry to develop more efficient and environmentally acceptable sources of energy and energy conversion.
Partially in response to this, UTC had organized fuel cell powerplant development programs with both the gas and electric utility industries, seemingly examples of unbeatable alliances of the manufacturer and two potential major industrial customers.
However, the task turned out to be too much for either of these teams to handle.
In particular, it would take more time and money to bring about commercial developments of fuel cells for stationary power applications.
So, the Electric Utility Industry felt compelled to appeal to NASA to lead a national fuel cell program for stationary power which would include not only fuel cell manufacturers and utility industries, but also would include the government as a sponsor and technical participant.
So the appeal of large sums of government money made available due to the "overnight crisis" also served to eliminate, also overnight, the institutional barrier preventing government and industry from working together in commercial fuel cell programs.
Ultimately 
Status of Current Programs

Stationary_ Applications
The major areas of fuel cell system applications are stationary power, transportation, defense, a0d aerospace. The largest effort in the U.S., which has been the case for over two decades, continues to be for stationary power applications. The lead organization is the DOE. Figure 2 , which was taken from a DOE presentation, illustrates the complex nature of the program coordination in this application area. The program goal of DOE for this application area is to "Develop cost effective, efficient, and environmentally benign fuel cell systems which operate on natural gas and coal-based fuels." Obviously, the GRI program shares this DOE goal with respect to use of natural gas, which tended to be fuel cell powerplant systems in the multikilowatt class for on-site applications.
The EPRI program emphasis has been on the multimegawatt class of fuel cell powerplants suitable for electric utility power generation.
As the result of coordinated DOE and GRI programs, 200 kW, natural gas-fueled, on-site, PAFC powerplants have entered the "early entry," commercial marketplace worldwide.
For some purchasers, like the DOD which has bought twelve for the three services, these 200 kW PAFC powerplants will represent demonstration units. These are being manufactured by International Fuel Cells (IFC), a division of UTC.
IFC was formed as a joint venture with Toshiba of Japan for commercial PAFC programs. IFC has also manufactured multi-megawatt-sized (from 1 MW to 11 MW) PAFC powerplants which are being demonstrated in Italy and Japan. EPRI is monitoring PAFC powerplant demonstrations underway worldwide. For the first generation, low temperature (around 200"C) PAFC system the GRI has taken over the lead role as DOE has shifted to a greater program emphasis on the second generation molten carbonate fuel cell system (MCFC), which operated at around 650°C, and the third generation solid oxide fuel cell (SOFC) system, which operates at around 1000*C with a zirconia electrolyte.
Two thirds of the DOE fuel cell $51+ Million annual budget for stationary power has been directed toward the MCFC systems.
The MCFC system has matured to the point of full size stack field demonstrations of powerplants (built in 1994) to be started in 1995. Two are scheduled.
One has been built by the Energy Research Corporation (ERC), the other by M-C Power.
A major participant in this phase of the coordinated program is the industrial/user sector, which is providing a 60% cost-share for these demonstrations.
Greater fuel flexibility for the MCFC and SOFC systems than for the PAFC system is an attractive characteristic.
For example, CH4 and CO can be handled more directly by the MCFC (via internal reforming if desired, which is not an option for the PAFC). However, the MCFC sulfur tolerance is still <lppm, as is the case for the SOFC system. In this connection, two DOD programs arc underway to enable both the MCFC and the SOFC systems to use, via advanced fuel processing, very high sulfur military logistics fuels such as JP-8 and DF-2.
The Westinghouse tubular SOFC concept continues to get the bulk of the SOFC dollars.
However, planar SOFC concepts are getting increased attention with funding from NASA, DOD, and EPRI, in addition to that of DOE. An important test for 1995 is the test of an advanced tubular 100 kW SOFC generator at a gas utility user site. There is a great interest in the development of the fuel cell for this program. In addition to the passenger car, an active fuel cell bus program is well underway.
In the U.S., Georgetown University successfully carded out a program to develop a 30 foot PAFC bus suitable for college campus transportation.
Fuji of Japan and H-Power of the U.S. worked on the PAFC powerplant part of the bus, with Fuji supplying the fuel cell stacks based on technology that they had licensed from Engelhard.
Georgetown has continued in this area by starting a program to develop a 40 foot fuel cell advanced commercial bus. Funding has come from DOT, DOE, DOD, and the South Coast Air Quality Management District.
In a separate program, Ballard of Canada is developing a PEM fuel cell bus. Finally, in the study and planning stage is a joint effort sponsored by the South Coast Air Quality Management District (of CA) and DOE to develop fuel cells for heavy duty transportation applications, namely for locomotives.
Defense Applications
The DOD interest in fuel cell power systems is as a user of base power or for defense missions on land, in the sea, or in the air. Previously, the nature of the DOD interest in base power had been mentioned. 
